Significant tellurium enrichment occurs in many orogenic gold deposits but the factors causing this are little understood; some authors suggest this demands a magmatic input whereas others suggest it need not. Fractionation of Te from Se and S could offer insight into source/pathway processes of auriferous fluids. The metasedimentary-hosted Cononish vein gold deposit, Scotland, is unusually Te-rich compared to many orogenic gold deposits with Te/Au ≈ 2.4 whereas most orogenic deposits have Te/Au < 1. Here, Ag in Au-Ag alloy increases from ∼10 to 90 wt% through the paragenesis, correlating with decreasing hessite (Ag 2 Te) abundance. This suggests the Au-Ag alloy composition was controlled by the fluid Te activity, and that this decreased through time. This is coupled to an increase in pyrite δ 34 S from −2.0‰ to +11.4‰ through the paragenesis. Thus, the deposit formed from a primary fluid with a low-δ 34 S and high Te + Au + Ag that evolved to a high δ 34 S-low Te, Pb + Cu bearing fluid. The high δ 34 S of the later fluid suggests it can only be sourced from specific nearby metamorphosed SEDEX horizons. The early fluid that deposited most of the gold could be sourced from other metasedimentary units in the stratigraphy or be magmatic in origin. We argue that two observations taken together suggest it is most likely that this fluid was magmatic; the age of the mineralisation is identical to the last stage of crystallization of nearby granite batholiths, and the fluid has a S-isotope signature consistent with a magmatic source. Gold deposits in orogenic belts are almost certainly polygenetic and this study demonstrates evidence for Te-rich "orogenic" deposits having a significant magmatic component.
Introduction
Orogenic gold deposits formed in metamorphic terranes are a broad class of deposits exhibiting a common set of features and are typically deposited from low-salinity CO 2 -bearing fluids (Goldfarb and Groves, 2015) . Despite commonality of broad features, variations in isotopic composition, mineral assemblage, and metal enrichments exist (Chapman and Mortensen, 2016; Goldfarb and Groves, 2015; Groves et al., 1998) , and the interpreted source of the ore fluids, and the dissolved constituents they transport, remains controversial Goldfarb and Groves, 2015; Wyman et al., 2016) . Whilst a metamorphic fluid source from devolatilisation of metasedimentary or metabasic rocks remains the most likely model for the majority of orogenic deposits (Goldfarb et al., 1993; Pettke et al., 1999; Large et al., 2009; Phillips and Powell, 2010; Pitcairn et al., 2014; Pitcairn et al., 2015) , input of magmatic or mantle-derived fluids has been invoked to explain variations in metal enrichments, isotopic compositions and mineralogical distinctions of individual orogenic gold deposits (Kerrich, 1989; Kerrich and Wyman, 1990; Sillitoe and Thompson, 1998; Robert 2001; Goldfarb et al., 2005; Yoo et al., 2010; Hammond et al., 2011; McFarlane et al., 2011; Treloar et al., 2015) . The latter do not include the more clearly recognised sub-group of reduced intrusion-related gold deposits in which magmatic fluid input is generally acknowledged Goldfarb et al., 2005) . The cause of the common Te-enrichment in orogenic gold deposits (Goldfarb et al., 2016) mirrors this dichotomy, with some workers advocating that enrichment indicates a magmatic source (Burrows and Spooner, 1989) whereas others suggest it need not (Goldfarb et al., 2000; . Understanding the controls on Te enrichment in orogenic systems is topical given the increasing interest in this element for use in solar photovoltaic technology (Woodhouse et al., 2013; Goldfarb et al., 2016) . Whilst all orogenic gold deposits show some enrichment in Te compared to bulk continental crust (∼5 ppb; Wedepohl, 1995) , there is a considerable range in the enrichments. Some lower values of Te are associated with deposits that have no connection with magmatic activity (e.g. deposits in the Otago and Alpine Schist, New Zealand; Pitcairn et al., 2006) . So, conversely, it is possible that some examples of Te-enrichment in orogenic deposits (Goldfarb et al., 2016) result from magmatic input, as is almost certainly the case in many of the better recognized group of reduced intrusion-related gold deposits in orogenic belts (Thompson et al., 1999) . The alternative is that Te enrichment is unrelated to magmatic input but simply a result of a particular combination of source, transport and precipitation processes operating in orogenic gold systems.
The planned development of the Cononish gold mine in the Scottish Highlands (estimated reserves of 555,000 tonnes of ore grading at 11.1 g/t Au and 47.7 g/t Ag; Scotgold Resources Limited, 2015), alongside the development of Curraghinalt and Cavanacaw mines in Ireland, has catalysed a re-evaluation of gold metallogenesis in the Caledonides. The Cononish deposit is structurally-controlled in a splay off a major fault, is hosted in lower-amphibolite facies rocks and formed late in the deformation history of the host orogenthus it conforms to many of the features that define orogenic gold deposits sensu Groves et al. (2003) , it is classed as orogenic by the review of Goldfarb et al. (2005) and this view persists with some observers (Goldfarb pers. comm. 2013) . The deposit notably contains significant Tethe Te/Au ratio by weight of ore grade material is ≥ 1, suggesting > 7 t Te (Science and Technology Committee, House of Commons, 2011). Cononish is Te-rich compared to most orogenic gold deposits (including those identified as intrusion-related) and shows enrichment of Te compared to Se along a trend comparable to the overall trend observed for orogenic gold deposits, with high Au grade Cononish samples reaching the extremes of this trend (Fig. 1A ). Cononish also shows high Te/Auapproximately 75% of data from orogenic gold deposits have Te/Au < 1, whereas at Cononish average Te/Au is 2.4 and only 17% of data have Te/Au < 1 (Fig. 1B) . Thus, Cononish represents a Te-rich gold system in an orogenic belt which may provide insight on the causes of Te-enrichment and the deposit provides an excellent system in which to study the fluids and processes that formed the mineralisation. Approximately 2 km of unlined exploration adits along with well curated exploration and development data from drill programs are accessible. Fluid inclusion and stable isotope data are available, along with textural and mineralogical descriptions of the mineralised veins (Pattrick et al., 1988; Earls et al., 1992; Curtis et al., 1993) . However, the detailed paragenesis of the veins has never been described and linked to mineral chemistry and stable isotope data. Furthermore, the genesis of the deposit remains contentious, with either magmatic or metamorphic fluids ( ± meteoric) interpreted to have formed the deposit (Pattrick et al., 1988; Curtis et al., 1993; Craw and Chamberlain, 1996) . Here, a combined study of the paragenesis, Au-Ag alloy composition, and sulfur isotope ratios provides evidence for an early Tebearing magmatic fluid, with potential implications for the genesis of other orogenic deposits with high Te/Au.
Geological setting
The Cononish deposit is in the Tyndrum area, approximately 70 km north of Glasgow, Scotland. The area comprises Neoproterozoic Dalradian Supergroup metasediments that were subjected to amphibolite-grade metamorphism and deformation (D 1 -D 4 ) during the Grampian Orogeny, ∼470 Ma (Stephenson et al., 2013) . The sequence is dissected by major NE-trending sinistral faults with a normal component that developed late in the orogeny, including the Tyndrum fault. The Cononish deposit, located 3 km south west of Tyndrum, comprises a composite vein structure hosted within the sub-vertical Cononish Fault (041/89SE), formerly known as the Eas Anie Fault. The Cononish Fault has a sinistral sense of displacement (Treagus et al., 1999; Tanner, 2012) and is associated with a splay off the Tyndrum Fault (see geological map in Hill et al., 2013) .
The Cononish Fault crosscuts Grampian and lower-Appin Group units that were deformed into large north-east verging nappe structures during the Grampian orogeny (Tanner and Thomas, 2010; Tanner, 2012) . The Cononish deposit is situated on the upper limb of the southerly dipping synformal Beinn Chuirn anticline. The stratigraphy on the lower limb of the fold is overturned and inferred to exist at depth below the deposit (Earls et al., 1992; Stephenson et al., 2013; Tanner, 2014) .
Two temporally distinct vein arrays exist in the Cononish Fault and have been sampled in this study (Fig. 2) . The early Cononish vein comprises Au-Ag ( ± Cu, Pb) mineralisation, termed "A-min" by Earls et al. (1992) and dated by Rice et al. (2012) at 408 ± 2 Ma and 407 ± 1 Ma using Ar/Ar of K-feldspar. This early Au-Ag ( ± Cu, Pb) mineralisation is cross-cut by a later Pb-Zn bearing quartz vein (Earls et al., 1992; Pattrick et al., 1988) . This later vein was termed "B-Min" by Earls et al. (1992) and is predominantly vuggy quartz with galena and sphalerite. The open texture in the later "B" vein is in contrast to the closed crystalline texture of the early "A" vein and thus the two veins are treated as belonging to two separate fluid events in the literature (Curtis et al., 1993; Earls et al., 1992) and in this study. A Permo-Carboniferous basalt dyke clearly cuts the gold-bearing mineralisation in the adit. The relationship of the dyke to the later Pb-Zn mineralisation is more crypticin the surrounding area Treagus et al. (1999) state that the dykes cross-cut the Pb-Zn phase, although in the adit some late veining also cuts the dyke.
Methodology
Sampling was undertaken at Cononish with the assistance of Scotgold Resources Ltd. Samples of the veins and the host lithologies proximal to the mineralisation were collected from the 400 mL level adit (Fig. 2) . Sample locations were selected based on company underground face mapping and assay data, with particular care taken to sample the range of vein textures displayed within the adit. Bulk samples taken underground were subsampled and selected hand specimens were cut and polished into slabs to reveal textures. These were then sectioned to produce 16 polished thin sections and 18 polished blocks, representing the complete range of vein textures and mineralogy. Samples were generally high grade (> 10 ppm < 160 ppm Au) with Te/Au averaging ∼1.5.
Carbon-coated polished thin sections were examined using a Hitachi S-3600 N Scanning Electron Microscope operated under high vacuum (< 1 Pa) with an accelerating voltage of 15 kV in backscattered electron imaging mode. Spot chemical analyses were made using an Oxford Instruments INCA 360 energy dispersive X-ray (EDX) system. The EDX system operates with an accuracy of typically better than ± 10% relative for elemental/oxide concentrations > 10 wt% in the sample material. Precision and accuracy deteriorate as measured concentrations drop to the minimum detection limit (around the 1% level for most elements under the analytical conditions used).
For sulfur isotope analysis 16 paragenetically-constrained pyrite grains were drilled to produce powdered samples for analysis. The first 5 samples were published by Hill et al. (2013) but paragenetic assignment of the exact material sampled has been revised here. To confirm results an additional 11 constrained pyrite samples were subsequently prepared at the University of Leeds in 2015. All samples were analysed at SUERC. SO 2 was produced from sulfides by combustion with cuprous oxide for mass spectrometric analysis (Robinson and Kusakabe, 1975) . Mass spectrometry was undertaken with a VG SIRA II gas mass spectrometer. Reproducibility, based on repeat analyses of internal and international lab standards (CP1, NBS 123 & IAEA S 3), was better than ± 0.3‰. All data are reported as δ 34 S per mil (‰) relative to the Canyon Diablo Troilite standard (V-CDT).
Fig. 1. Whole rock geochemistry A)
Te-Se data and B) Te-Au data, for the Cononish deposit, Scotland, compared with other gold deposits in orogenic belts (circles), bulk continental crust and mantle, and local Dalradian metasediment host-rocks. Where specified, intrusion-related orogenic gold deposits are plotted separately with square symbols, although appear to follow the same trends. Some notable deposits are specifically named. Cononish and Dalradian metasediment data were analysed by OMAC for Scotgold using fire assay-AA for Au and four acid digest and ICP-OES/AES/MS procedures for Te and Se (Hill, 2014) . Most other data are from the OSNACA dataset (Brauhart et al., 2017) , except: Kirkland Lake, Larder Lake-Cadillac data (Ispolatov et al., 2008) ; Muruntau (Koneev et al., 2005) ; Mt Charlotte (Mueller, 2015) ; continental crust (Wedepohl, 1995; Rudnick and Gao, 2014) ; mantle (Palme and O'Neil, 2014) .
Results

Vein stages
The Cononish Au-Ag vein is predominantly formed from massive milky white quartz, with minor pyrite, chalcopyrite, and galena. Through examining crosscutting relationships, textures and mineral associations (Fig. 3) , a detailed paragenesis has been determined (Spence-Jones, 2013) ( Fig. 4) :
Stage 1 -Early quartz veining
The majority (up to an estimated 70-80% by volume) of the multigenerational vein is an early quartz-cemented breccia and is classified as Stage 1. This comprises a milky white quartz-dominated matrixsupported breccia (Fig. 3A) . The clasts (up to ∼80 cm) are composed of silicified host rocks that are significantly rotated in relation to the orientation of fabrics in the host lithologies. The milky quartz is formed of coarse 1-2 cm crystals cut by a multitude of fine 50-1000 µm stringer veins observed in thin section due to their fluid inclusion trails. These veins are in optical continuity with the enclosing crystals. In the adit this breccia is most highly developed in the footwall of the Eas Anie fault.
Stage 2 -Early Au-Ag mineralisation
Coarse, up to 2 cm, euhedral cubic pyrite crystals occur within the early quartz veins in sulfide-rich pods that range in size from 1 cm to up to 30 cm. These pods are hosted within the quartz vein and also form 1 to 10 cm halos around altered clasts. This early euhedral pyrite is interpreted to have formed later than the Stage 1 quartz veinlets since the pyrite has not been crosscut by any of the quartz veinlets nor does it contain any quartz inclusions.
The coarse pyrite crystals host the earliest Au-Ag ( ± Cu, Pb) mineralisation within fractures and as trails of inclusions. The fractures contain the assemblage hessite (Ag 2 Te) + Au-Ag alloy + galena ± altaite (PbTe) ± chalcopyrite ( Fig. 3D ) that is diagnostic of the Au-Ag mineralisation.
Stages 3-4 -Evolution of the Au-Ag mineralisation
The vein material formed during Stages 1 and 2 is cross cut and comminuted by later narrow, 0.5-10 cm-wide veinlets of dark grey recrystallized quartz with sulfide that typically form anastomosing arrays up to half a metre wide and often show shear displacement ( Fig. 3A/C ). These veins host abundant chalcopyrite and galena with subordinate pyrite, sphalerite, calcite, and minor Au-Ag alloy and hessite ( Fig. 3C and E) . The sulfides comprise > 50% by volume of stage 3-4 vein mineralogy. Stage 3 and 4 veins have been separated to represent end-members of a continuous trend based on the relative proportions of chalcopyrite and galena, progressing from 90% galena to 90% chalcopyrite (the latter often observed with calcite). The Stage 3 galena-rich veins are inferred to be earlier as they are crosscut by later calcite-chalcopyrite veins. Stage 4 veins may contain acanthite (Ag 2 S) instead of hessite. Whether a particular vein in an individual sample is Stage 3 or 4 is often difficult to decide due to variations in mineralogy along the veins. In practice, the distinction is made on the relative proportions of galena and chalcopyrite and the Au-Ag alloy composition.
Stage 5 -Post ore alteration
In one location (Sample CO13, Fig. 2) in the underground workings, referred to as the "666 zone" by miners, earlier stage 1-4 veining is strongly altered to magnetite and hematite, and calcite veining is pervasive. The 666 zone is localised to a narrow area in the roof of the adit and appears unrelated related to the stage 1-4 mineralising event but rather is a post-ore alteration. The relationship of Stage 5 to the late stage 6 veining is not known and the earlier placement in the paragenesis is based on the lack of vuggy textures and greater textural and mineralogical similarity to stages 1-4 than the brittle late stage 6 veining.
Stage 6 -Pb-Zn Vein
The late Pb-Zn veining clearly crosscuts stages 1-4, often at a different orientation, and comprises predominantly sugary fragmented vuggy quartz with abundant coarse euhedral galena and yellow sphalerite. No Au-Ag alloy occurs in Stage 6 and it is not discussed further.
Au-Ag alloy composition and association
The gold and silver concentrations in 215 individual Au-Ag alloy grains in polished thin section were measured by SEM-EDX (Spence-Jones, 2013; Full dataset in Supplementary Data). Grain major axis ranges from 1 to 400 µm, but most grains are small with a median of 15 µm. The median aspect ratio is 2. Some grains are highly elongated along fractures (up to 400 × 5 µm), but the few grains with the largest area (20000-50000 µm 2 ) are fairly equant with aspect ratio of 2-5. The composition of the gold ranges from ∼10% to ∼90 wt% Ag, i.e. from gold to silver rich, through what was formerly termed electrum ( Fig. 5 ). There is no evidence for variations in composition within individual grains that are greater than analytical uncertainty. However, in general the more silver-rich grains tend to be smaller, with median major axis length of 10 µm for grains with > 60 wt% Ag, compared to 20 µm for grains with < 60 wt% Ag.
The broad range in grain composition is in contrast to many hydrothermal gold deposits which, with the exception of epithermal deposits, show much narrower compositional ranges, e.g. Au-Ag alloy ranging between 75 and 90% Au, or 60-90% Au from placer deposits (Chapman and Mortensen, 2016; Chapman et al., 2010; Morrison et al., 1991) . Narrower ranges in composition (10-20% variation) occur within individual samples (Fig. 5) , indicating that the Au-Ag alloy formed under similar conditions within a thin section sized sample of the vein. This is consistent with the textural observations that later stages of mineralisation have overprinted the earlier stages, unless minerals were shielded from the late fluid as inclusions within early minerals.
Whilst is not possible to unequivocally allocate every Au-Ag alloy grain to a mineralisation stage it is possible to define its association with other minerals that link it to the stages in the paragenesis (Fig. 6 ). There is a distinct association of the Au-rich alloy (gold) grains with hessite, whereas Ag-rich alloy (silver) is strongly associated with chalcopyrite. Galena is associated with the whole range of Au-Ag alloy compositions.
Sulfur isotope data
Results of 16 pyrite S-isotope analyses are given in Table 1 and plotted along with the combined published S-isotope dataset for Cononish in Fig. 7A . These show a range of δ 34 S values from −2 to +11.4‰. Samples for this study were taken from coarse pyrite crystals that are temporally constrained in the paragenetic sequence described above (Fig. 8) . This reveals a trend of increasing δ 34 S through the paragenetic sequence (Fig. 7B) . Two samples that could relate to either Stage 3 or 4, as they show mineralogical and textural features of both stages, were plotted as Stage 3.5. The sample from Hill et al. (2013) with a δ 34 S of −2‰, which was not paragenetically constrained in this study, is assumed to belong to Stage 2, and gives a lower value for this stage. If it included in the statistics, mean and standard deviation for Stage 2 would be +0.7 ± 1.8‰. To avoid bias in the results, the position of the samples in the paragenesis was determined during sampling before analysis was undertaken.
Discussion
Evolution of Au-Ag alloy composition
In a hydrothermal system Au-Ag alloy compositions are controlled through the ratio of chemical activities aAg/aAu (Gammons and Williams-Jones, 1995) . Where an additional Ag phase such as Ag 2 S or Ag 2 Te is saturated then the activity of Ag will be buffered by these Fig. 5 . Cumulative plot of the Ag wt% proportion of Au-Ag alloy grains measured in this study (n = 215) shown as populations of grains within an individual thin section. Each sample recorded a distinct and variable distribution of grain compositions dependent on the stages of the paragenetic sequence sampled. A limited number of the thin sections, such as CO03.3, CO04 and CO09, show a bimodal distribution of Au-Ag alloy composition that can be correlated with the observation that they contained two or more distinct gold bearing stages of the paragenesis. phases (Gammons and Williams-Jones, 1995) . Whilst galena can accommodate some Ag it does so through coupled substitution with Sb or Bi (e.g. Renock and Becker, 2011) and as these elements are low in Cononish ores, ∼1 ppm and < 30 ppm respectively, Ag content in galena is expected to be minor and not an important buffering phase for Ag. This is supported by preliminary LA-ICP-MS data which suggest galena Ag content is ∼100 ppm. So, in the case of coexistence of Au-Ag alloy with hessite, as at Cononish, the Au-Ag alloy Ag-content is controlled through the reaction (Gammons and Williams-Jones, 1995) : (2) (where K is the equilibrium constant of the reaction in Eq. (1).) Thus, the composition of Au-Ag alloy in equilibrium with an Ag 2 Te saturated fluid will be dependent on the activity of Te 2 in the system. If aTe 2(g) is high then large proportions of hessite will precipitate removing Ag available to the Au-Ag alloy and keeping aAg low. This will produce Au-rich Au-Ag alloy as the buffered ratio of aAg/aAu will be high. At Cononish in Stage 2, hessite is abundant along with Au-rich alloy; 90-75% Au (Fig. 6) . In Stages 3 and 4, the abundance of hessite decreases, and is absent in late Stage 4 mineralisation, and here associated Au-Ag alloy grains have higher silver contents; 10-75% Au (Fig. 6) . In late Stage 4 veinlets, acanthite occurs instead of hessite. It is interpreted that high aTe 2 in the early fluid controlled the composition of the Au-Ag alloy and a progressive decrease in aTe 2 over time led to the deposition of progressively more Ag-rich alloy until aTe 2 decreased sufficiently in late Stage 4 that acanthite was deposited. The decrease in galena abundance from Stage 3-4 would also act to increase Ag content in the Au-Ag alloy, but since the Ag content of galena is low, this effect was negligible.
The relationship between alloy composition and Te fugacity has been quantified as a function of temperature by Afifi et al. (1988) , who show that fugacity of Te in a system is related to the mole fraction of Ag (X Ag ) in the alloy by: 
assuming unit activity of Ag 2 Te in hessite and ideal mixing of Au and Ag in the alloy. This shows that to reduce Te activity with time via temperature change, a temperature rise would have been required which would seem unlikely given the limited range of fluid inclusion temperatures of 290-340°C (Curtis et al., 1993) . Therefore, our data more likely indicate a change in fluid source.
Sulfur sources
The evolution in δ 34 S pyrite from early pyrite with δ 34 S of −2 to 2‰ towards a late stage pyrite with values up to +11.4‰ represents a significant, and statistically robust, shift in the sulfur isotope composition of the fluid, which is interpreted as a change of the sulfur source. Hill et al. (2013) examined the δ 34 S of the local stratigraphy and discussed potential sulfur sources for the Au-Ag mineralisation at Cononish. They demonstrated that it is possible to produce the full range of S-isotope values at Cononish, either by mixing of sulfur from different units in the local stratigraphy, or by mixing of magmatic sulfur with metasedimentary derived sulfur with δ 34 S ≥+12‰ from the Ben Eagach Schist SEDEX-bearing stratigraphic units. Hill et al. (2013) advocated the latter scenario, given the timing of the mineralisation. The age of the Cononish Au-bearing veins of ∼407 Ma (Rice et al., 2012) is Table 1 Paragenetically-constrained pyrite sulfur isotope data at Cononish deposit. * Data previously reported in Hill et al. (2013) assigned to the revised paragenesis here.
identical, within error, to the Inner Starav Granite U-Pb zircon dated at 407 ± 2 Ma (Appleby, 2007) and 408 ± 0.5 Ma (Neilson et al., 2009) , the youngest portion of the Etive Pluton Complex situated 15 km to the NW across the Ericht-Laidon Fault. In addition, the δ 34 S of the early pyrite at Cononish is almost identical to that of sulfides from the Etive granite which average +2.1‰ (Lowry et al., 2005) , and to the Sron Garbh appinite-diorite body (+1.0 to +4.8‰) that lies ∼5 km to the northeast (Graham et al., 2017) . Curtis et al. (1993) suggested magmatic fluid input on the basis of fluid oxygen and hydrogen isotope ratios derived from measurements on quartz. Furthermore, the mineralisation formed > 60 Ma later than peak metamorphism at ∼470 Ma (Stephenson et al., 2013) , so it is difficult to argue that it formed from regional metamorphic fluids, even acknowledging a "deeper-later" model for metamorphic fluid release which, at most, delays fluid release from depth by 50 Ma (Stüwe, 1998) .
The paragenetically constrained pyrite δ 34 S data extend the mixing scenario proposed by Hill et al. (2013) , now showing that the range of data can be interpreted as early magmatic sulfur progressively mixing over time with metasedimentary sulfur. The latter could be explained by metasedimentary sulfur being released by contact metamorphism and/or greater degrees of fluid-rock interaction during the evolution of the system. The source of the metasedimentary sulfide in this model must be the Easdale Subgroup; specifically, the highest δ 34 S values reached can only be explained by sulfur being sourced from Ben Eagach Schist SEDEX sulphides which range up to +28‰, average +20‰ (Moles et al., 2014) . The Easdale Subgroup is stratigraphically above the host rocks of the Cononish deposit, however it is inferred to underlie the deposit on the opposing limb of the Beinn Chuirn Anticline (Hill et al., 2013) . To produce the same trend of increasing δ 34 S values over time from a purely metasedimentary-sourced hydrothermal system, without magmatic fluid involvement, would require sourcing of fluids from different (yet possibly adjacent) metasedimentary reservoirs within the Easdale Subgroup that range from −15 to +28‰ (Hill et al., 2013) . Furthermore, it would necessitate changing sulfur sources or fluid pathways through the metasedimentary sequence during deposit formation with later fluid somehow becoming isolated from the initial sulfur source. Whilst not impossible, we argue that this option seems rather more contrived given the timing of the mineralisation.
Implications for the tellurium source
The decrease in tellurium activity coupled with an increase in δ 34 S through the formation of the Au-Ag vein suggest a low δ 34 S (averaging +1.6‰, but possibly as low as −2‰), Te + Au + Ag enriched initial ore fluid evolved towards a high δ 34 S (≥11‰), low Te, Pb + Cubearing fluid. The low δ 34 S source is interpreted here as a magmatic pulse of fluid, as advocated by Hill et al. (2013) and Curtis et al. (1993) , and this implies that the Te is also most likely of magmatic origin. The strong similarity of the Se-Te-Au ratios at Cononish with the Kirkland Lake deposits is notable (Fig. 1) . Interestingly, in contrast to the more typical "orogenic" Larder Lake-Cadillac mineralisation, Ispolatov et al. (2008) propose that the distinct metal signature at Kirkland Lake relates to a deep magmatic (alkalic) fluid source.
The earliest Au-Ag-Te mineralisation is hypothesised to represent the introduction of significant volumes of magmatic fluid into brittle structures. It is suggested that this magmatic fluid ascended rapidly out of chemical equilibrium with the Dalradian metamorphic pile through brittle fractures from a blind intrusive crystallising at depth (as suggested by a gravity low that extends beneath the area from the Etive pluton complex; Hill et al., 2013) . The evolution away from the strongly Te saturated initial fluid and increase in δ 34 S is interpreted as a waning of magmatic fluid input and regaining of geochemical equilibrium with the Dalradian metasediments by the fluids ascending within the fault.
The alternative explanation of the tellurium-δ 34 S evolution with time is that both early and late fluids were sourced from the Dalradian metasedimentary pile, but that different parts of the stratigraphy released fluids at different times. Associations of gold and tellurium are well known in some orogenic gold districts (e.g. Ashanti; Bowell et al., 1990) where there is little evidence of a magmatic fluid input, so in these cases Te may be sourced from metasedimentary or metaigneous units (or simply strongly concentrated on precipitation by specific physicochemical gradients in these systems). Parnell et al. (2017) demonstrate that carbonaceous shales from the Easdale Subgroup contain early diagenetic pyrite enriched in both Au and Te, and could represent a viable source-rock for the mineralisation. However, if the early lowδ 34 S, high Te + Au fluid at Cononish was sourced from the Dalradian metasediments then, on the basis of its sulfur isotope signature, it would need to come from other Formations in the Easdale Subgroup such as the Ben Lawers Schist, or a restricted subset of the diagenetic sulfides of the Ben Eagach schist (Hill et al., 2013 )units very close to those supplying the late high-δ 34 S signature. This would require a highly specific contact-metamorphically sourced scenario to enable the origin and evolution of these fluids from adjacent units.
Conclusions
The Cononish Au-Ag deposit formed as the result of an early fluid pulse from a low-δ 34 S (∼1‰), high Te + Au + Ag source that evolved towards a high-δ 34 S (≥11‰), low Te, Pb + Cu bearing fluid with time. The low δ 34 S source is interpreted here as a magmatic pulse of fluid and the evolution away from the strongly Te-saturated initial fluid is interpreted as a waning of magmatic fluid input and regaining of geochemical equilibrium with the Dalradian metasediments. Whilst not all examples of high Te-enrichment in orogenic gold deposits can be attributed to a magmatic fluid input, in some orogenic Au deposits it would seem that high Te is a signature of magmatic fluid input. The identification of specific pluses of Te enrichment during formation is an additional tool towards discrimination of a subclass of orogenic gold deposits that have formed through distal or otherwise cryptic magmatic processes.
